Abstract: In continuous cereal-based crop rotation, inappropriate residue management such as burning and removing may deteriorate soil properties and crop productivity. The objective of this study was to evaluate the effects of different tillage systems (TSs), nitrogen fertilization, and maize (Zea mays L.) stubble management (SM) on subsequent wheat (Triticum aestivum L.) crop and soil properties. The experiment consisted of three TSs, i.e., shallowing with rotavator (0-10 cm), conventional (0-20 cm), and deep tillage (0-30 cm) as main plots, whereas the subplots were SM (removal, burning, or incorporation) with or without 120 kg N ha −1 as urea. The treatments were laid out in a split-plot fashion with whole-plot factor in a randomized complete block design. Shallow tillage (ST) increased wheat yield and soil moisture retention, soil mineral N, total N, and organic carbon. Similarly, stubble incorporation with N fertilization enhanced grain yield and soil properties as compared with the stubble removed or burning treatments. Synergetic effects were noted between ST and residue incorporation with N fertilization for grain yield and soil N response. We conclude that in a cereal-based cropping system, ST and maize stubble incorporation accompanied by N fertilization can improve soil properties and productivity of subsequent wheat crop in existing soil conditions. Key words: tillage, residue management, N fertilizer, soil properties, wheat (winter).
Introduction
Many agronomic practices such as crop rotation, soil tillage, and residues incorporation can greatly impact important soil quality attributes such as organic matter, soil structure, and moisture holding capacity (Carter 1992; Chan and Pratley 1997) . Generally, different soil tillage practices can leave behind different quantities of crop residues on the soil surface after harvest (Gebhardt et al. 1985) . Soils in Khyber Pakhtunkhwa (KP), Pakistan, are low in organic matter and tend to lack C due to continuous cropping (Amanullah et al. 2012) . Therefore, addition of organic source of N to these soils may improve their organic matter and soil fertility through microbial decomposition and nutrient cycling (Blair et al. 2006) .
In Pakistan, tillage is exercised mainly through tractor-mounted cultivator that can till the soil to a depth of 0.08-0.15 m. This creates a hard pan below 0.15 m that hinders soil water/air movement and root growth (Hassan and Gregory 1999) . Tillage systems (TSs), along with residue management, specifically residues incorporation, have great potential to improve soil quality and fertility. Conservation tillage, i.e., leaving behind crop residues in soil after harvest, reduces soil loss by providing a protective cover. Moreover, this practice promotes water balance by reducing evaporation from soil surface and enhances soil water holding capacity by improving soil structure (Carter 1991) . The reduced tillage allows maximum water retention as compared with deep TSs (Slawinski et al. 2012) .
Removal of maize residue, usually for use as an alternative source of energy, can downgrade soil physicochemical and biological properties in the long term (Wilhelm et al. 2007; Hammerbeck et al. 2012) . Farmers adopt conservation TSs in which the crop residue is left behind on the soil surface, such as strip tillage and minimum tillage, mainly to conserve soil. However, the practice could also improve proper sowing, enhance soil moisture storage, and minimize cost of production (Al-Kaisi and Yin 2005) . Retaining crop residue with suitable TS is important from agronomic point of view because it can improve stability of soil structure and drainage (Blackwell 2000) , increase yields (Wilhelm et al. 2004) , and conserve soil water in semiarid conditions (Campbell et al. 2001; Wilhelm et al. 2004) . Shallow tillage (ST) also improves aggregate stability and soil moisture content due to minimum disruption of the soil upper layer (Lipiec and Nosalewicz 2004; Dexter and Czyz 2011) .
Intensive soil manipulation and residue burning result in decline in soil carbon (Grace et al. 1995; Reicosky 2003 ) and deterioration of soil structure (Whitbread et al. 1998) . Managing the soil by placement or incorporation of crop residue can alter the environmental conditions for microorganisms that play a major role in the decomposition of organic matter and nutrient cycling (Doran 1980; Clapperton et al. 1997 ).
Generally, bacterial growth is encouraged in conventionally tilled soil because mixing of residues into soil allows direct contact between bacteria and the residues (Beare et al. 1992) . On the other hand, fungi dominate in undisturbed soils because hyphae are in direct contact with residues on the soil surface (Beare et al. 1992; Guggenberger et al. 1999) .
The basic goal of this study was to study the practices of tillage and maize (Zea mays L.) stubble management (SM) in a cereal-based cropping system for their effects on soil physicochemical properties and subsequent wheat (Triticum aestivum L.) crop productivity. However, as the research progressed, it became clear that tillage and SM are closely interrelated and interactive. Hence, the study focused on the following questions: (i) How can the TS affect soil physicochemical properties and subsequent wheat productivity? (ii) What are the impacts of different maize SM practices on soil quality parameters and wheat production when managed with and without fertilizer N? and (iii) What is the interactive effect of TS and SM on soil physicochemical properties and crop yield in the presence or absence of N fertilization?
Materials and Methods

Experimental field
The experiment was conducted for 2 yr (2009-2010 and 2010-2011) on wheat ('Pisabak-2005') in a continuous crop rotation of wheat-maize-wheat at Cereal Crops Research Institute (CCRI), Pirsabak (34°N latitude, 72°E longitude, and 288 m altitude), Nowshera, Khyber Pakhtunkhwa Province, Pakistan. The physicochemical properties of the experimental field included calcareous, alfisole-type silt clay loam soil with moderate drainage, a pH of 7.85, total N (0.6 g kg −1 ), total P (0.002 g kg −1 ), and total K (0.21 g kg −1 ). The soil had a bulk density (BD) of 1.280 g cm −3 and organic C of 11.21 g kg −1 soil. The general agroclimate of the area is warm to hot. Weather data such as rainfall and temperature were recorded with an automated weather station installed at the institute and reported in Table 1 . Apart from rainfall during the growth season, crop water requirement at critical growth stages was met through surface irrigation system.
Description of treatments
Three TSs, i.e., rotavator for ST (10 cm), cultivator for conventional tillage (20 cm), and moldboard plough for deep tillage (30 cm), were applied to the main plots. Six maize SM practices, i.e., (i) stubble removal, (ii) burning, (iii) incorporation, (iv) removal + 120 kg N ha , and (vi) incorporation + 120 kg N ha −1 were laid out in a factorial arrangement in subplots.
Field operations
Plotting was done in a field vacated from maize crop where the stubbles were left behind. Stubbles were physically removed from the control plots and sun-dried. The weight of dried stubbles was recorded to be 2.5 Mg ha −1 .
Hence, the same amount (2.5 Mg ha −1 ) was assumed to be present in the remaining plots as well. In the burnttreated plots, sun-dried stubbles were collected and burnt. The remaining ash was immediately mixed in the soil to control ash loss through wind. In case of soil incorporation, the residue was incorporated with the help of hand hoe. Urea fertilizer (46% N) was applied at the rate of 120 kg ha −1 in split dose, i.e., half at sowing and half through top dressing 20 d after sowing in N-treated plots. The three tillage implements were operated twice in main plots for sowing of wheat. The tillage was adjusted to the required depth. The subplot area consisted of 5 × 3 m 2 having 10 rows.
Five metre rows within the subplot were kept 30 cm apart. The distance between two successive subplots, main plots, and replications was kept 0.50, 1.0, and 2 m, respectively. Single super phosphate (0-18-0) and murate of potash (0-0-52) were applied at the rate of 90 and 60 kg ha −1 , respectively, as a basal dose. Agronomic and cultural practices such as irrigation, weeding, and disease inspection were carried out uniformly for all the treatments. Wheat seed was planted in identical layouts as per experimental design in two successive years i.e., 9 Nov. 2009 and 16 Nov. 2010. Each year, the experiment was conducted on field vacated from maize crop in the month of August. Stubbles from maize crop were managed treatment wise. A tractor-mounted planter equipped with row cleaner wheels was used for wheat planting.
Soil sampling and analysis
Samples were taken with a stainless cylindrical core (2.5 cm radius) after removing litter from the soil surface at randomly selected spots of the experimental field. The samples taken up to a depth of 30 cm were subjected to analysis for base line mineral N, total N, BD, pH, and soil organic carbon. For evaluating the treatment effect after wheat harvesting, 8 to 10 soil samples were randomly collected from three depth levels 0-10 cm (shallow), 0-20 cm (conventional), and 0-30 cm (deep) of each subplot in the respective TS. For determination of mineral N, total N, and C, soil was converted in kilogram per hectare using BD of each treatment at each depth. Soil cores from each subplot were mixed in a sampling bag and stored at 4°C. Soil samples were air-dried and passed through a 2 mm sieve for further analysis. Soil moisture was determined by drying fresh samples at 105°C for 24 h to constant weight.
Bulk density was measured using core method (Black and Hartge 1986) . Soil mineral N, total N, and organic C were determined using steam distillation method (Keeney and Nelson 1982) , Kjeldahl method (Bremner and Mulvaney 1982) , and modified method of Nelson and Sommers (1982) , respectively. Soil pH was determined according to the McLean (1982) procedure, while C/N ratio was calculated by dividing soil organic C by soil total N. Grain yield data were recorded by weighing grains after threshing the sun-dried harvest from the six central rows of each subplot and then worked out to kilogram per hectare.
Statistical analysis
Statistical analyses were performed using statistical software statistix 8.1 (Statistix 2005, version 8 .1) for two factorial randomized complete block design with splitplot arrangement and four replications. Tillage regimes were allotted to main plots and residue management with and without N fertilizer to subplots. To assess the significance (P ≤ 0.05) of treatment effects, least 
Results
Soil properties Effect of TSs on soil properties
The TSs significantly affected soil moisture content, soil mineral N, soil total N, and soil organic C over the 2-yr period (Table 2) . A comparison of ST treatment and conventional and deep tillage showed statistically higher values for soil moisture content and soil mineral N in the ST treatment. Similar trend was also observed for soil total N and organic C in shallow and conventional tillage regimes. However, the results for soil total N and organic C are statistically more pronounced as compared with the deep tillage treatment (Table 2 ). On the other hand, TS did not significantly alter soil BD, pH, and C/N ratio over the 2-yr period ( Table 2) .
Effect of SM on soil properties
The effects of SM were significant for all measured soil properties ( Table 2) . Incorporation of stubble, whether alone or in combination with N fertilizer, significantly increased soil moisture. The same treatment significantly decreased soil BD as compared with removal of stubble and burn treatments, whether alone or in combination with N fertilizer. A statistically significant decrease in BD was noted even in comparison with the baseline figures recorded before starting the experiment (Table 2) .
Stubble incorporation along with N fertilization had statistically increased soil mineral N and total N as compared with removal or burning of stubble irrespective of whether N fertilization was done or not (Table 2) . However, soil mineral and total N were statistically not different in stubble removed and burnt treatments with N applied. Statistically, lower soil mineral N and total N were recorded when stubbles were removed and there was no N fertilization. Conversely, stubble incorporation combined with N fertilization significantly decreased soil pH as compared with the rest of SM treatments. Higher pH was recorded for the practice of stubble removal without application of N fertilizer. However, the results are statistically comparable with the burning without N and stubble removal with N. Conversely, stubble incorporation with or without N significantly increased C/N ratio as compared with practices of stubble removal or burning with or without N fertilizer (Table 2) . However, stubble incorporation with application of N fertilizer significantly increased soil organic C against the rest of SM practices. The least soil organic C was noted for the stubble removal treatments with values statistically comparable with the treatment of burning without N ( Table 2 ). The TSs and SM effects as well as their interactions were significant on soil mineral and soil total N (Table 2) . When tillage regimes were plotted versus SM (Figs. 1, 2) , the amounts of soil mineral and soil total N for tillage regimes ranked in the following order: minimum tillage > conventional tillage > deep tillage. The SM treatments ranked as follows: removed < burnt < incorporated < removed + N < burnt + N < incorporated + N.
Wheat yield
Different TSs significantly affected wheat yield (Table 2) . Statistically higher wheat yield was recorded in the ST as compared with conventional or deep tillage. However, the yield was not significantly different for conventional or deep tillage (Table 2) . Similarly, different SM practices, with or without N fertilization, significantly affected wheat yield. Specifically, incorporation of stubble with N fertilization resulted in significantly higher grain yield as compared with stubble removal or burning with or without N fertilization. Significantly lower yield was recorded in the stubble-removed plots without N fertilization (Table 2) . Wheat yield was also significantly higher in shallow-tilled plots and where stubble was incorporated in the presence of N fertilization followed by stubble burnt and removed plots with N fertilization (Fig. 3) . The lowest wheat yield was observed in deep tillage and where stubble was also removed.
Discussion
Tillage and crop residue management can greatly influence soil properties related to soil quality and plant growth. Least soil disturbance and residue incorporation or placement has been reported to improve soil properties, delay phenology, increase soil organic C through sequestration, and enhance crop productivity (Al-kaisi and Yin 2005; Shaver 2010; Negassa et al. 2015; Basir et al. 2016 ). Higher soil moisture content in ST may be associated with lower destructive action of the rotavator as compared with conventional and deep tillage. Moreover, improved soil aggregation in the ST may also be contributing to increase in water holding capacity. These results are consistent with the previous studies (Lipiec and Nosalewicz 2004; Dexter and Czyz 2011; Slawinski et al. 2012) . Stubble incorporation, alone or in combination with N fertilizer, was noted to increase soil moisture content. This may be due to incorporation of stubble from the previous maize crop which improved soil water holding capacity as well as infiltration time. This is consistent with other studies (Gangwar et al. 2006) . Greater amounts of soil moisture at ST were associated with higher amount of organic matter.
Better aggregation in the shallow-tilled plots favors lower soil BD as compared with conventional and deep tillage (Mrabet et al. 2001) . The ST may also improve structure as a result of more macropores (Chan et al. 2003) . On the other hand, conventional or deep tillage caused disturbance in soil structure and brought denser subsoil material to the surface that resulted in lower porosity and thus increased soil BD. Our results regarding the lower BD at ST are in line with the findings reported by Haynes and Naidu (1998) and Tebrugge and During (1999) .
The incorporation of organic matter in the form of stubbles increases the available substrate for soil microbes that result in enhanced microbial activity. Availability of substrate combined with enhanced microbial activity increased soil mineral N in ST over conventional or deep tillage. Nakamoto et al. (2006) and Gangwar et al. (2006) also reported that through decomposition of organic matter, soil mineral N can be increased. Mineralization of organic matter, residual effect of applied N, and less leaching of N due to various degrees of stubble incorporation improved soil mineral N (Coppens et al. 2007 ) in which the Note: LSD, least significant difference; NS, nonsignificant; *, significant at P ≤ 0.05. Mean values followed by different lowercased letters in each group are statistically different at P ≤ 0.05 using LSD (0.05) test. ) on soil mineral N over the 2-yr study. Within each SM, the tillage marked by * is significantly different from other TS by P < 0.05. ) on soil total N over the 2-yr study. Within each SM, the tillage marked by * is significantly different from other TS by P < 0.05. treatment of stubble incorporation was applied in combination with N.
The increase in soil total N over the 2-yr period was due to the carry over effect of the N previously applied in inorganic form or from crop residue or both (Bowden and Burgess 1993; Anatoliy and Thelen 2007) . The reasons for higher soil total N in ST and stubble incorporation are accumulation of more organic residue in surface soil (Nakamoto et al. 2006 ) and improved soil physical properties (Warkentin 2000; Zorita 2000; Al-Kaisi and Yin 2005; Gangwar et al. 2006) .
The greater soil organic C in ST along with stubble incorporation and N fertilization has been attributed to less soil surface disturbance (McLeod et al. 2013) , residue incorporation, and organic matter accumulation (Franzluebbers 2010) . Consistent with other studies (Grace et al. 1995; Reicosky 2003) , higher soil organic C in stubble incorporation and N fertilization can be attributed to positive association of organic carbon with available N (Christopher and Lal 2007; Martınez et al. 2013 ).
Tillage did not alter soil C/N ratio due to the relatively similar increase in both N and C concentrations (Dolan et al. 2006) . The higher C/N ratio with stubble incorporation is due to the organic C from maize stubble residues that have a greater C/N ratio than soil organic matter has (Habtegebrial et al. 2007) . Decrease in C/N ratio in N fertilization may be related to the release or accumulation of N from residue as well as mineral fertilizer (Coppens et al. 2007) .
No effect of different tillage regimes was noted on soil pH in our study. The results are in line with the findings of Mrabet et al. (2001) . Both the maize stubble incorporation and N application reduced soil pH, possibly due to greater mineralization of organic N, application of N fertilizers, and release of more CO 2 during decomposition .
Higher wheat yield recorded in case of N fertilization combined with stubble incorporation indicates optimum nutrient availability in these treatments compared with the treatments of no N fertilization or burning of residue (Halvorson et al. 2001; Camara et al. 2003; Rahman 2004; Malhi et al. 2006) . Incorporation of litter close to soil surface might improve organic C and relinquish nutrients (Rahman 2004; Singh et al. 2004 ), minimize evapotranspiration (Ortega et al. 2002) , conserve more soil moisture (Cantero-Martinez et al. 1995; Wilhelm et al. 2004) , lower soil heat (Badaruddin et al. 1999) , reduce soil pH , improve aggregate stability, and make soil resistant to erosion (Rasmussen 1999) , and the combined effect of above results in improved grain yield (Hossain et al. 2002) . The N application and mineralization accentuated the yield differences among treatments where applicable. Carter (1991) reported that conservation tillage has the potential to improve soil quality and reduce soil loss by promoting soil aggregation thus, enhancing soil water holding capacity. Conservation tillage has been reported to have significant influence on residue decomposition and nitrogen release (Brown and Dickey 1970; Douglas et al. 1980; Doran 1987; Holland and Coleman 1987) . Similarly, Jin et al. (2009) have reported water conservation and sustainability of soil productivity through conservation tillage. However, intensive cultivation and the traditional practice of removing or burning of crop residue after harvest may put the soil crop productivity at stake. It is, therefore, recommended that the soil should be shallow tilled and crop residue be incorporated along with judicious use of mineral N fertilizer. Burning or removing of crop residue and indiscriminate use of chemical fertilizer may be discouraged for sustainable soil health and better yield.
Conclusion
This 2-yr study revealed that maize stubble incorporation, whether alone or in combination with N fertilizer application (at 120 kg N ha −1 ), under shallow TS can be recommended for effective crop yield and soil quality as compared with deeper and more intensive tillage, the practice of removing or burning stubble. This recommended practice is likely to improve soil moisture retention, BD, mineral and total N, soil organic C, and overall crop productivity in cereal-based cropping system in Khyber Pakhtunkhwa, Pakistan and under other comparable climates. ) on wheat yield over the 2-yr study. Within each SM, the tillage marked by * is significantly different from other TS by P < 0.05.
